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Conclusions: A dosimetric audit has been successfully carried 
out of Lung SABR implementation in 21 radiotherapy 
departments of UK. The absolute dosimetry results show that 
modelling and delivery of Lung SABR was within 3% accuracy 
for 18/21 (or 86%) of centres, suggesting that the 
implementation of Lung SABR has been carried out 
accurately. 
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Purpose/Objective: A challenge in ion-beam therapy is the 
inaccurate quantification of the biological effectiveness due 
to the assumption that the biological dose response to ions is 
comparable to high-energy photon beams. This is due to the 
high LET of the ions and their secondary electrons, leading to 
a high amount of energy deposition within a few nanometers. 
These energy depositions form a pattern, i.e. a particle track 
structure, which is strongly correlated to the DNA damage. 
This pattern can be characterised by nanodosimetric 
quantities, calculated by Monte Carlo simulations.  
Track structure simulations require the implementation of 
cross section data for the interaction of the incident particles 
and their secondaries with molecules of the medium. 
Biological matter is conventionally represented by liquid 
water, as cross section data of DNA constituents have not yet 
been available.  
The objective of this work was to facilitate improved 
electron track structure simulations by an evaluated cross 
section set of DNA constituents. 
Materials and Methods: Models for electron-impact cross 
sections of the DNA constituents tetrahydrofuran, 
trimethylphosphate, pyrimidine and purine were developed 
on the basis of measured absolute differential and total 
scattering cross sections. The evaluated cross section data 
set was implemented in the Monte Carlo code PTra to 
simulate electron track structure in DNA medium. 
Nanodosimetric quantities were calculated by track structure 
simulations of electrons with energies below 1 keV in water 
and DNA medium. The differences in simulation results 
obtained in the different media were analysed. 
Results: It was found that the cross sections for water and 
DNA constituents show significantly different angular and 
energy dependences (for example, total ionisation cross 
sections of DNA constituents are as much as a factor of two 
higher than those of water). Consequently, the simulated 
electron track structure in water and DNA medium indicates 
a significant underestimation of the initial DNA damage when 
using water cross sections. 
Conclusions: An experiment-based cross section data set for 
interactions of secondary electrons of energies between 9 eV 
and 1 keV with DNA constituents was developed for use in 
track structure simulations. The simulated electron track 
structure in DNA medium reveals an underestimation of DNA 
damage when calculated using water cross sections. 
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Purpose/Objective: The BioQuaRT group (Palmans et al., BRJ 
2014) has recognized that experimental measurements of 
ionization clusters using nanodosimeters and Monte Carlo 
(MC) track structure simulations can be used to standardize 
the characterization of proton and light ion beam radiation 
quality and biological effectiveness. In this work, initial 
radiation damage patterns (i.e. DNA strand breaks from 
direct radiation effects) are obtained for proton, Li ion, and 
Co-60 beams, using two distinct methods: track superposition 
on top of a geometrical DNA model and cluster analysis using 
a probabilistic DNA model. 
Materials and Methods: The MC code LIonTrack (Bäckström 
et al., Med.Phys., 40, (6)) was used for the event-by-event 
track simulation (transport cutoff of 50 eV) of proton, lithium 
ion and Co-60 beams, which were then superimposed on top 
of a geometrical nucleosome model composed of 198 base 
pairs (bps). A strand break was scored when at least one 
ionization was located in a sugar-phosphate group, modeled 
as a cylindrical shell sector with volume equal to 0.13 nm3. 
The yields of single strand break (ssb) and double strand 
break (dsb) clusters were obtained for single-track and 2 Gy 
fractions to study inter-track effects. The generated tracks 
were also grouped into clusters using DBSCAN, a density 
based clustering algorithm (Ester et. al. 1996), and 
subsequently convolved with a probabilistic DNA model, to 
obtain ssb and dsb cluster yields for the single-track method. 
This novel probabilistic DNA model gives the probability of 
creating opposite strand damage within 10 bps as a function 
of the distance (pos(dij)) between two ionizations i and j (see 
Figure). The probability of a cluster being a no-strand-break 
(nsb), an ssb, or a dsb cluster are given by 
 
where n is the number of ionizations in the cluster and p is 
the site-hit probability. 
